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Abstract
Cognitive functioning is critical as in our daily life a host of real-world complex decisions in high-stakes markets 
have to be made. The decision-making process can be vulnerable to environmental stressors. Summarizing the 
growing economic and epidemiologic evidence linking air pollution, cognition performance and real-world 
decision-making, we first illustrate key physiological and psychological pathways between air pollution and 
cognition. We then document the main patterns of air pollution affecting cognitive test performance by type 
of cognitive tests, gender, window of exposure, age profile, and educational attainment. We further extend to 
a review of real-world decision-making that has been found to be affected by air pollution and the resulting 
cognitive impairments. Finally, rich implications on environmental health policies are drawn based on existing 
evaluations of social costs of air pollution.
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Ninety-two percent of the world’s population lives in places where air quality levels exceed World Health Organization (WHO) limits set by WHO Ambient 
Air Quality Guidelines.1 Even in developed countries, more 
than 40% of Americans live in counties with unhealthy levels 
of air pollution,2 and 9 out of 10 European city-dwellers are 
exposed to pollution in excess of WHO guidelines.3 While it 
is well known that environmental stressors, such as polluted 
air, pose a significant threat to human health, knowledge 
about their consequences on our brains, especially among 
older adults, is limited. Damage on brains may affect earnings 
and health, impede human capital from being an important 
engine of economic growth, which in turn generate large 
economic losses we currently ignore.4,5
1. Air Pollution and Cognition: Key Pathways
Medical studies point to physiological pathways through which 
air pollution may impair cognitive ability,6 especially in the 
case of fine particulate matter (PM2.5). The small size of PM2.5 
allows it to remain airborne longer, to carry toxins through 
small passageways, to penetrate buildings, to be inhaled 
easier, and to reach and accumulate within brain tissue.7 Post-
mortem analysis detects that people living in more polluted 
areas for long periods tend to have elevated concentrations 
of PM2.5 in their brains, smaller brain volume, and higher 
rates of brain infarcts or areas of necrosis.8 Accumulation 
over time can be linked to markers of neuroinflammation and 
neuropathology, leading to symptoms of Alzheimer disease, 
one of the most prevalent and expensive forms of cognitive 
decline, and other forms of dementia.9-13 Even healthy people 
living in polluted environment with APOE Ɛ4 allele (known 
to increase risk of developing Alzheimer’s) demonstrate 
compromised cognitive responses compared with those 
carrying APOE gene with Ɛ3 allele. This gene environment 
interaction has been verified ranging from children to older 
adults.14,15 It is estimated that air pollution may account for 
21% of dementia cases worldwide.15
Some other physiological pathways include: first, pollution 
exposure may increase risk for strokes and then vascular 
dementia16; second, people breathing polluted air are more 
likely to be oxygen deficient, which in turn impairs their 
cognitive abilities17; third, exposure to pollution leads to 
the growth of white-matter lesions, potentially inhibiting 
cognition18; fourth, air pollution may degrade cognitive ability 
via asthma and respiratory problems, persistently constraining 
the production of human capital, such as schooling19 and labor 
force participation20; finally, air pollution may also damage 
the immune system, hinder neurological development, and 
impair neuron behavior, which all contribute to long-term 
memory formation.16
Recent economic studies also show air pollution may 
disrupt cognitive functioning through psychological pathways. 
For example, high concentration of pollutants is significantly 
associated with headache,21 cause psychiatric distress,22 and 
increase the risk of feeling unhappy and depressed in the 
United States,23 Canada,24 and China.25 PM2.5 is currently 
the only pollutant among key atmospheric pollutants in the 
Air Quality Index (AQI) evidenced to cause psychological 
disorders.26
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2. Air Pollution and Cognitive Test Performance: Key 
Patterns
Our central nervous system has 2 important tissues: gray 
matter and white matter. Gray matter represents information 
processing centers, and white matter represents the 
networking of – or connections between – these processing 
centers. Mathematics abilities, which require more local 
processing, mainly depend on gray matter. While language 
skills, which require integrating and assimilating information 
from distributed gray-matter regions in the brain, mainly rely 
on white matter.27,28
Air pollution may demonstrate differential effects on 
different types of cognitive tests. A large body of literature 
has proven that air pollution can reduce the density of white 
matter more than that of grey matter in the brain,6,29 which 
may explain why air pollution appears to affect both verbal 
and math skills but in the meantime has a larger effect on 
verbal test than on math test scores. A recent study in China 
overcomes several key challenges to identify the causal link 
between air pollution and cognitive ability, including math 
and language skills, across all ages beginning at 10 years old.30 
They exploit individual level longitudinal data, precisely 
matched timing and geographic location of the tests, rich 
demographic controls, exogenous changes in air pollution 
exposure, and information on sorting behavior. They indeed 
find that exposure to air pollution lowers both verbal and 
math test scores of survey subjects, and the former effect is 
larger than the latter.
The effect of air pollution on cognition also has a gender 
component. Brain scanning studies reveal that men have 
larger amount of gray matter activated during general 
intelligence tests than women do, but women have more 
white matter activated during general intelligence tests than 
men do.31 Given that gray matter is more required by math 
tests and white matter is more required by verbal tests, it is 
predicted that men’s cognitive performance, especially in the 
verbal domain, tends to be more affected by exposure to air 
pollution, while women’s cognition performance, especially in 
the math domain, is likely to be more affected. A more recent 
study explores the impact of air pollution on older adults in 
China.32 They indeed find that the detrimental effect on verbal 
skills is more concentrated towards older males.
Moreover, the effect of air pollution on cognition 
is cumulative and may become larger as one ages. An 
investigation using a national sample of older adults in China 
finds that the detrimental effect is the largest for the older 
persons above age 65. Even within the 2 older cohorts, the 
effect on those above age 65 is twice as much as those in the 
age cohort 55-64.32 A 12-unit worsening of 3-year average AQI 
is linked to an equivalent of 1 year huge loss in educational 
attainment for those who are above age 65.32 Since people in 
old age often make critical financial decisions and spend most 
of their wealth in their lifetime, the more sizable effect to the 
elderly and the associated large economic loss are especially 
worrisome.
The finding of larger negative effect of cumulative 
than transitory exposure to air pollution provides policy 
implications that short-term interventions (eg, wearing face 
masks or turning on air filters on polluted days, rescheduling 
high-stakes cognitive activities) may be less effective than 
improving long-term air quality. Public policies should 
effectively clean up the sky, rather than merely investing in 
avoidance. The finding of substantial cumulative effect also 
suggests that improvement in cognitive ability may take long 
time to realize, especially for many who have been exposed to 
many years of heavy pollution.
The fact that people who receive less education or often 
work outdoors demonstrating larger effects alerts us that 
environmental stressors may enlarge social inequality, 
including cognitive ability.30 Future research needs to evaluate 
to what extent this impact can be intergenerational. Once 
the social costs on environmental justice are accounted for, 
policymakers will have better understanding about the real 
cost of air pollution to help tighten existing environmental 
standards.
3. Air Pollution, Cognition, Suboptimal Decision-Making 
and Associated Costs
Three channels may provide a preferential foundation linking 
haze, cognitive impairment to real world decision-making 
in a set of important contexts, such as job market, health 
insurance market, stock market, and even the decision to 
commit a crime.
First, cognitive impairment may increase the cost of 
cognitive processing required to make decisions. Dementia 
and other forms of cognitive decline increase a set of financial 
mistakes regarding credit behavior as people age.33 Medicare 
beneficiaries diagnosed with dementia are less likely to 
comprehend key institutional features of insurance markets 
and more likely to make suboptimal decisions.34
Assembling 15 years of administrative Medicare records 
on 7.4 million people age 65 and above, tracking their health, 
onset of Alzheimer disease and related forms of dementia, 
demographics, residential cumulative exposures to fine 
particulate air pollution (PM2.5), and financial decisions, a 
recent study finds evidence that higher cumulative exposure 
increases the rate of dementia.35 Specifically, an 1 μg/m3 
increase in decadal exposure to PM2.5 (8.5% of the mean) 
increases the probability of a dementia diagnosis by the end 
of the decade by 0.5 to 1.2 percentage points (4% to 6%). 
Even more modest change in air pollution measured by a 1 
μg/m3 rise in annual average concentrations of PM2.5 would 
increase the rate of dementia by 1% to 3% (around 100 000 
to 300 000 cases), lowering direct medical expenditures on 
dementia by $3.5 to $10.5 billion per year in 2017 dollars. 
There is, however, no evidence that exposure to PM2.5 affects 
the diagnosis rates for morbidities thought to be unrelated to 
air pollution, providing some convincing evidence against 
confounding.
Meanwhile, higher cumulative exposure raises the 
probability to make poor financial decisions in prescription 
drug insurance markets under Medicare Part D among 
those not diagnosed with dementia.36 In particular, a 1 μg/
m3 increase in average decadal exposure to PM2.5 increases 
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potential savings by $4 (a 1% increase relative to the mean) 
and the probability of choosing a drug plan that is dominated 
by another in terms of cost, risk protection, and quality by 
0.25 to 0.43 percentage points (a 0.5% to 1.2% increase 
relative to the mean). These effects are 3% to 6% of the size 
of the negative effect of a dementia diagnosis on the same 
decision-making outcomes. Even more moderate change in 
air pollution measured by a 1 μg/m3 rise in annual average 
concentrations of PM2.5 would cost all consumers more than 
$60 million per year additional spending on prescription 
drugs under Medicare Part D.
In addition to complex decision-making like health 
insurance choices, hourly and daily spikes in pollution are 
found to reduce white-collar workers’ labor productivity 
in cognitive tasks, such as number of calls that call center 
workers in a travel agency complete each day.5 The decrease 
in cognitive productivity is driven by increases in time 
spent on breaks rather than the duration of phone calls. 
Among various pollutants, PM2.5 poses the greatest threat 
to contemporaneous cognition, in part because it penetrates 
buildings and pollutes indoor air.
Second, air pollution may undermine rational risk attitudes 
and patience when discounting in a remote time horizon.37 
Bad air quality in Manhattan therefore substantially reduces 
same-day return to the S&P 500.38 Individuals may also 
become more aggressive, more selfish, and less cooperative 
with greater sense of fairness.39 Violent crime rate in Chicago 
is higher when air pollution is heavier, which reflects the 
impulsive nature of violent crime.40
Third, since cognitive impairment can reduce life 
expectancy, it may reduce investments in health capital, 
leading to additional chronic conditions that increase the 
complexity of decisions about health insurance.41 More 
generally, the potential return to the decisions can be health-
state dependent and therefore decline in worsened cognitive 
status.42
4. Policy Implications
Most of the existing evidence on air pollution, cognitive 
impairment and decision-making comes from the United 
States and other developed countries where air pollution 
concentration is very low. The implications for developing 
countries with more polluted air can be quite large and 
deserve more attention in future research. The profound 
economic and health implications of air pollution on poor 
cognitive functioning suggest that the costs of pollution can 
be largely underestimated. The comprehensive set of evidence 
we summarize underscores the need for stronger regulations 
around air quality in response to the increasing concerns 
on air pollution, in particular the hidden cost on intellect 
and decision-making, which has not been well recognized 
before.
Such large social costs can be avoided if individuals 
demonstrate strong willingness to pay for improved air 
quality. An average Chinese resident is willing to pay $88 per 
year (or 3.8% of annual income) for a 1 μg/m3 reduction in 
PM2.5, while an average US resident is willing to contribute as 
high as $891 (or 2.1% of annual income).43 Although people 
in the United States on average seem to be willing to pay a 
much higher amount in absolute terms, Chinese residents 
are more willing to pay a larger share of their income.23,43 
When we obtain most reliable values of willingness to pay for 
major population groups in each country, policy makers will 
be able to learn the potential demand and how they can be 
matched with the supply of good air for cognitive activities 
and beyond.
The establishment of the US Environmental Protection 
Agency (EPA) and the Clean Air Act of 1970 (1970 CAA) 
authorized the development of comprehensive federal and 
state regulations to substantially reduce air pollution, such 
as through creating and enforcing the national Ambient Air 
Quality Standards (AAQS). However, the AAQS has only been 
based on narrowly defined health assessments. Realizing the 
severity of this issue, the EPA recently calls for more research to 
assess the impact of ambient air pollutants on central nervous 
system function, such as cognitive processes and addresses 
the adequacy of existing standards. Many countries in the 
world have been adopting the AAQS as their environmental 
standards. This recent move in EPA’s strategy to address air 
pollution may therefore generate spillover effects on more 
stringent environmental standards and effective regulations 
in other countries.
As one of the most polluted countries adopting the AAQS, 
China has substantially tightened its environmental regulations 
in the past five years. In 2013, China started to implement the 
national Air Ten Plan, which involved ten concrete measures 
to restrict air pollutant emissions. Since then, air pollution 
in Chinese cities has dropped by an average of 30%.44 While 
such achievement may bear important implications for 
other countries which aim to improve their environmental 
quality, and neighboring countries may directly benefit from 
lower level of pollution being transmitted to them, the large 
uncertainty of governmental policies may put the these efforts 
and their effectiveness at high risks.
The prospect on such advancement in environmental 
quality is grim. In August 2018, The US President Donald 
Trump announced plans to dramatically relax fuel efficiency 
standards, a move that would flood American communities 
with more dangerous airborne particulates from vehicles.45 
Moreover, the EPA determined that Trump’s new regulations 
for emissions at coal-burning power plants will cause an 
additional 1400 deaths a year.46
Small-scale schemes are useless if other countries fail to act. 
Dirty air in many countries is swept over from neighboring 
countries. As a key global health issue, no wall could be 
built to effectively shield people from external pollutants. 
Countries should work closely together to take global actions 
in their fight against air pollution, one of the largest avoidable 
causes of death, illness, and human capital degradation.
Acknowledgements
This study was supported by James Tobin Fund at Yale 
Economics Department, Yale Macmillan Center Faculty 
Research Award, the PEPPER Center Scholar Award 
Chen
International Journal of Health Policy and Management, 2019, 8(2), 76–80 79





Author declares that he has no competing interests. 
Author’s contribution
XC is the single author of the paper.
 References
1. World Health Organization. WHO releases country estimates on 
air pollution exposure and health impact. http://www.who.int/news-
room/detail/27-09-2016-who-releases-country-estimates-on-air-
pollution-exposure-and-health-impact.  Accessed July 12, 2018. 
Published 2016.
2. American Lung Association. Key Findings: The State of the Air 2018. 
http://www.lung.org/our-initiatives/healthy-air/sota/key-findings/. 
Accessed September 15, 2018. Published 2018.
3. The Economist Magazine. Air Pollution: Choking on it. https://
www.economist.com/europe/2015/12/05/choking-on-it.  Accessed 
September 12, 2018. Published 2015.
4. Ebenstein A, Lavy V, Roth S. The long-run economic consequences 
of high-stakes examinations: Evidence from transitory variation 
in pollution. Am Econ J Appl Econ. 2016;8(4):36-65. doi:10.1257/
app.20150213
5. Chang T, Graff Zivin J, Gross T, Neidell M. The effect of pollution 
on worker productivity: Evidence from call-center workers in China. 
American Economic Journal: Applied Economics; Forthcoming. 
6. Block ML, Calderon-Garciduenas L. Air pollution: mechanisms 
of neuroinflammation and CNS disease. Trends Neurosci. 
2009;32(9):506-516. doi:10.1016/j.tins.2009.05.009
7. Branis M, Rezacova P, Domasova M. The effect of outdoor air and 
indoor human activity on mass concentrations of PM(10), PM(2.5), 
and PM(1) in a classroom. Environ Res. 2005;99(2):143-149. 
doi:10.1016/j.envres.2004.12.001
8. Wilker EH, Preis SR, Beiser AS, et al. Long-term exposure to fine 
particulate matter, residential proximity to major roads and measures 
of brain structure. Stroke. 2015;46(5):1161-1166. doi:10.1161/
strokeaha.114.008348
9. Calderon-Garciduenas L, Reed W, Maronpot RR, et al. Brain 
inflammation and Alzheimer’s-like pathology in individuals exposed 
to severe air pollution. Toxicol Pathol. 2004;32(6):650-658. 
doi:10.1080/01926230490520232
10. Levesque S, Surace MJ, McDonald J, Block ML. Air pollution 
& the brain: Subchronic diesel exhaust exposure causes 
neuroinflammation and elevates early markers of neurodegenerative 
disease. J Neuroinflammation. 2011;8:105. doi:10.1186/1742-2094-
8-105
11. Weuve J, Puett RC, Schwartz J, Yanosky JD, Laden F, Grodstein 
F. Exposure to particulate air pollution and cognitive decline in 
older women. Arch Intern Med. 2012;172(3):219-227. doi:10.1001/
archinternmed.2011.683
12. Wu YC, Lin YC, Yu HL, et al. Association between air pollutants 
and dementia risk in the elderly. Alzheimers Dement (Amst). 
2015;1(2):220-228. doi:10.1016/j.dadm.2014.11.015
13. Chen H, Kwong JC, Copes R, et al. Living near major roads and the 
incidence of dementia, Parkinson’s disease, and multiple sclerosis: 
a population-based cohort study. Lancet. 2017;389(10070):718-
726. doi:10.1016/s0140-6736(16)32399-6
14. Calderon-Garciduenas L, Franco-Lira M, D’Angiulli A, et al. Mexico 
City normal weight children exposed to high concentrations of 
ambient PM2.5 show high blood leptin and endothelin-1, vitamin 
D deficiency, and food reward hormone dysregulation versus low 
pollution controls. Relevance for obesity and Alzheimer disease. 
Environ Res. 2015;140:579-592. doi:10.1016/j.envres.2015.05.012
15. Cacciottolo M, Wang X, Driscoll I, et al. Particulate air pollutants, 
APOE alleles and their contributions to cognitive impairment in older 
women and to amyloidogenesis in experimental models. Transl 
Psychiatry. 2017;7(1):e1022. doi:10.1038/tp.2016.280
16. Justin BN, Turek M, Hakim AM. Heart disease as a risk factor 
for dementia. Clin Epidemiol. 2013;5:135-145. doi:10.2147/clep.
s30621
17. Amitai Y, Zlotogorski Z, Golan-Katzav V, Wexler A, Gross D. 
Neuropsychological impairment from acute low-level exposure to 
carbon monoxide. Arch Neurol. 1998;55(6):845-848.
18. Perera FP, Li Z, Whyatt R, et al. Prenatal airborne polycyclic aromatic 
hydrocarbon exposure and child IQ at age 5 years. Pediatrics. 
2009;124(2):e195-202. doi:10.1542/peds.2008-3506
19. Sanders NJ. What doesn’t kill you makes you weaker: prenatal 
pollution exposure and educational outcomes. J Hum Resour. 
2012;47(3):826-850. doi:10.1353/jhr.2012.0018
20. Isen A, Rossin-Slater M, Walker WR. Every breath you take—every 
dollar you’ll make: The long-term consequences of the clean air act 
of 1970. J Polit Econ. 2017;125(3):848-902. doi:10.1086/691465
21. Nattero G, Enrico A. Outdoor pollution and headache. Headache. 
1996;36(4):243-245.
22. Rotton J, Frey J. Psychological costs of air pollution: Atmospheric 
conditions, seasonal trends, and psychiatric emergencies. Popul 
Environ. 1984;7(1):3-16. doi:10.1007/bf01257469
23. Levinson A. Valuing public goods using happiness data: The case 
of air quality. J Public Econ. 2012;96(9):869-880. doi:10.1016/j.
jpubeco.2012.06.007
24. Szyszkowicz M. Air pollution and emergency department visits for 
depression in Edmonton, Canada. Int J Occup Med Environ Health. 
2007;20(3):241-245. doi:10.2478/v10001-007-0024-2
25. Zhang X, Zhang X, Chen X. Happiness in the Air: How Does a Dirty 
Sky Affect Mental Health and Subjective Well-being? J Environ 
Econ Manage. 2017;85:81-94. doi:10.1016/j.jeem.2017.04.001
26. Zhang X, Chen X, Zhang XB. Environment and Subjective Well-
being. Handbook of Well-being, Happiness and the Environment. 
2018.
27. University of California, Irvine. Intelligence in men and women 
is a gray and white matter. Science Daily. 2005. https://www.
sciencedaily.com/releases/2005/01/050121100142.htm.    Accessed 
July 16, 2018.
28. Calderon-Garciduenas L, Mora-Tiscareno A, Ontiveros E, et al. Air 
pollution, cognitive deficits and brain abnormalities: a pilot study with 
children and dogs. Brain Cogn. 2008;68(2):117-127. doi:10.1016/j.
bandc.2008.04.008
29. Calderon-Garciduenas L, Engle R, Mora-Tiscareno A, et al. Exposure 
to severe urban air pollution influences cognitive outcomes, brain 
volume and systemic inflammation in clinically healthy children. 
Brain Cogn. 2011;77(3):345-355. doi:10.1016/j.bandc.2011.09.006
30. Chen X, Zhang X, Zhang X. Smog in our brains: Gender differences 
in the impact of exposure to air pollution on cognitive performance. 
IZA Discussion Paper No. 10628. 2017. 
31. Haier RJ, Jung RE, Yeo RA, Head K, Alkire MT. The neuroanatomy 
of general intelligence: sex matters. Neuroimage. 2005;25(1):320-
327. doi:10.1016/j.neuroimage.2004.11.019
32. Zhang X, Chen X, Zhang X. The impact of exposure to air pollution 
on cognitive performance. Proc Natl Acad Sci. 2018;115(37):9193-
9197. doi:10.1073/pnas.1809474115
33. Agarwal S, Driscoll JC, Gabaix X, Laibson D. The age of reason: 
Financial decisions over the life cycle and implications for 
regulation. Brookings Papers on Economic Activity. 2009;40(2):51-
117. doi:10.1353/eca.0.0067
34. Keane MP, Ketcham JD, Kuminoff NV, Neal T. Evaluating 
Consumers’ Choices of Medicare Part D Plans. Working Paper. 
2017.
35. Bishop K, Ketcham J, Kuminoff N, Powers C. Hazed and Confused: 
Air Pollution, Cognitive Functioning, and Financial Decision Making 
among the Elderly. Arizona State University; 2017.
36. Keane MP, Thorp S. Complex decision making: the roles of cognitive 
limitations, cognitive decline, and aging. In: Piggott J, Woodland 
A, eds. Handbook of the Economics of Population Aging. North-
Holland: Elsevier; 2016:661-709. 
37. Huffman D, Maurer R, Mitchell OS. Time Discounting and Economic 
Decision-Making among the Elderly. NBER Working paper #22438. 
2016. 
Chen
International Journal of Health Policy and Management, 2019, 8(2), 76–8080
38. Heyes A, Neidell M, Saberian S. The Effect of Air Pollution on 
Investor Behavior: Evidence from the S&P 500. NBER Working 
Paper No. 22753. 2016. 
39. Chew SH, Huang W, Li X. Haze and Decision Making: A Natural 
Laboratory Experiment. National University of Singapore; 2017.
40. Herrnstadt E, Muehlegger E. Air pollution and criminal activity: 
Evidence from Chicago microdata. NBER Working Paper No. 
21787. 2016. 
41. Fang H, Keane M, Khwaja A, Salm M, Silverman D. Testing the 
mechanisms of structural models: The case of the mickey mantle 
effect. Am Econ Rev. 2007;97(2):53-59. doi:10.1257/aer.97.2.53
42. Finkelstein A, Luttmer EFP, Notowidigdo MJ. What good is wealth 
without health? The effect of health on the marginal utility of 
consumption. J Eur Econ Assoc. 2013;11(s1):221-258. doi:10.1111/
j.1542-4774.2012.01101.x
43. Zhang X, Zhang X, Chen X. Valuing air quality using happiness 
data: the case of China. Ecol Econ. 2017;137:29-36. doi:10.1016/j.
ecolecon.2017.02.020
44. World Health Organization. WHO Global Urban Ambient Air Pollution 
Database. http://www.who.int/phe/health_topics/outdoorair/
databases/cities/en/.  Accessed September 6, 2018. Published 
2016.
45. Plumer B. How Big a Deal Is Trump’s Fuel Economy Rollback? 
For the Climate, Maybe the Biggest Yet. The New York Times. 
2018. https://www.nytimes.com/2018/08/03/climate/trump-climate-
emissions-rollback.html.  Accessed September 14, 2018.
46. U.S. Environmental Protection Agency. Regulatory Impact Analysis 
for the Proposed Emission Guidelines for Greenhouse Gas 
Emissions from Existing Electric Utility Generating Units; Revisions 
to Emission Guideline Implementing Regulations; Revisions to New 
Source Review Program. https://www.epa.gov/sites/production/
files/2018-08/documents/utilities_ria_proposed_ace_2018-08.pdf. 
Accessed September 2, 2018. Published 2018.
